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This invention relates to photographic objectives and
more particularly to high aperture photographic objec-
tives of the Gauss type.

It is an object of this invention to provide a high aper-
ture telephotographic objective of the Gauss type of
simplified structure comprising six lenses of a relatively
short total length, that is, almost equal to the focal length
of the whole objective, to yield a relative aperture of
almost F=2.2 and a whole angular field of about 24°.
By said “total length” is meant the distance between the
extreme point at the center of the first lens element and
the focal point at the film plane.

In my U. S. Patent No. 2,645,973 entitled “High Aper-
ture Four Component Objective of the Gauss Type,”
issued July 21, 1953, I have proposed a high aperture
photographic objective comprising seven or eight lens
elements having a relatively narrow picture angle, with
a relative aperture of F=1.4 to F=1.5, particularly by
means of predetermined specific values for the radii of
curvature and refractive indices of the second and third
components. The instant invention provides an im-
provement over the objective of the above identified
patent by keeping the characteristics of high aperture ac-
cording to the aforesaid theory to its extremity in a
remarkably simplified structure to yield a total length,
as above defined, equal to the focal length f of the whole
objective.

According to the instant invention, by replacing the
third component of the aforesaid U. S. Patent No. 2,645,-
973 with a relatively thin, meniscus-shaped, concave lens
and by selecting values within the specific range here-
inafter mentioned, a useful lens system particularly effec-
tive for miniature cameras using 35 mm. film provides
a relative aperture of F=2.2 and a picture angle of
about 24° with a total length, as defined, almost equal
to the focal length f of the whole objective.

A clearer concept of the scope and purpose of the
instant invention may be obtained from the description
hereinafter following and the drawing forming a part
hereof, in which:

Fig. 1 is a sectional elevation of a high aperture tele-
photographic objective according to the instant inven-
tion on its optical axis;

Fig. 2 shows the graphs of the spherical aberration
and the unsatisfied amount of sine condition of an em-
bodiment of the instant invention with the abscissae
showing the amounts of aberration when f is 100 mm. and
the ordinates the distances of incoming rays of light from
the optical axis in F-numbers. The full line shows the
spherical aberration; the dashed line, the unsatisfied
amount of sine condition on the d-line of the spectrum;
and the dotted chain line shows the spherical aberration
value on the g-line of the spectrum;

Fig. 3 shows the graphs of the astigmatic aberration
with the abscissae showing the amounts of aberration
when f is 100 mm., and the ordinates showing the in-
cidence angles included between the principal ray and
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the optical axis; the full line showing sagittal curvature
and the dotted line showing meridional curvature; and

Fig. 4 shows the graph of the distortion; the abscissae
showing its percentages and the ordinates the incidence
angles included between the principal ray and the optical
axis.

According to the instant invention the telephotographic
objective of the Gauss type comprises six lens elements,
the first component 1 consisting of a meniscus-shaped
convex lens with its convex surface towards the ob-
ject. The second component 2 is a compound meniscus-
shaped concave lens consisting of three lens elements
cemented together in the following order from object to
image side, a meniscus-shaped convex lens, a biconvex
lens and a biconcave lens, the convex surface of the sec-
ond component being towards the object. The third
component 3 is a meniscus-shaped concave single lens with
its convex surface towards the image side and the fourth
component 4 a single biconvex lens, a diaphragm being
positioned between the second component and the third
component.

The characteristic conditions of the instant objective
are as follows, the radii of curvature of the lens surfaces
are denoted by reference symbols ry, r3 .. . . 1, the axial
distances of adjacent surfaces are denoted by reference
symbols dy, dy . . . dy, and the refractive indices on the
d-line of the spectrum are denoted by reference symbols
ny, ng ... ng all in increasing order from the object
to the image side; and f is the total focal Iength of the
objective: -

Condition 1: 0.8 f<(ds+d,+d;)<0.36 f

Condition 2: 0.02< (ny—n3) <0.13, 0.05 < (ni—n3) <0.20
Condition 3: 0.15 < ds<0.26 f
Condition 4: 0.21 f<|r|<0.38 £, 0.01 f<d;<0.06 f
Condition 5: 1<||<8

110

Conditions 1 and 3 above are determinative of the Petzval
sum and the total length at the desired values; the condi-
tion 2 is to correct particularly the spherical aberration;
and conditions 4 and 5 are advantageous for correcting
the coma and the distortion of image respectively.

For the ease of explanation the second component of
the objectives according to the instant invention is de-
scribed as three lens elements cemented together. How-
ever, in view of the presently, highly advanced technical
skill in coating processes to reduce reflection, it is obvious
that a relatively small air space may be provided instead
of the aforesaid cemented surfaces in order to satisfac-
torily complete the correction of aberrations.

The data of a practical example in accordance with
the instant invention is as follows:

[f=100. The total length of the whole objective=1.02f. F=22.
20=24°]
Component T d nd v
T =§5.0
) S dy=6.5 T =1.6204 11%=60.3
r3 =330.0
d3=0.2
ry =37.0
di=5.5 n2=1.6204 r1=60.3
rq =85.0
b di=15.0 ny=1,5687 v3=63.1
ry =~—180.0
ds=T7.5 n4x=1,6889 94=31.1
re =22.97
ds=19.0
7 =—~30.0
F: S, dr=2.0 ns=1.6477 05=33.9
g = —-38.0
. d3=0.3
ro =150.0
[ ds=3.2 ns=16727 ty=32,2
rio=—77.1
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where n4 denotes refractive indices on the d-line of the
spectrum and v denotes the Abbe number of the glass.

As obviously apparent from the graphs of the aberra-
tions in Figs. 2, 3 and 4, illustrating the performance of
the objective according to the instant invention, a high
aperture telephotographic object of the Gauss type is pro-
vided to yield a relative aperture of almost F=2.2 and
a picture angle of about 24° with a total length almost
equal to the focal length of the whole objective with
various aberrations superbly corrected.

What I claim is:

1. A high aperture telephotographic objective of the
Gauss type comprising six lens elements grouped into
four air-spaced components, of which objective the total
length is substantially equal to the total focal length f
thereof, the first component being a meniscus-shaped con-
vex single lens with its convex surface towards the object,
the second component is of a concave meniscus shape
and consists of three lens elements cemented successively
to each other and being in order from the object side, a
second meniscus-shaped convex lens, a biconvex lens and
a biconcave lens, the convex surface of the second com-
ponent facing towards the object, the third component
is a meniscus-shaped concave single lens with its con-
vex surface towards the image side, and the fourth
component is a second biconvex single lens, and a dia-
phragm is interposed between the second component and
the third component, the objective meeting following
conditions:

Condition 1: 0.18 f<(ds+ds+d5)<0.36 f

Condition 2: 0.02<(n;—n3)<0.15, 0.05<(n;—n3) <0.20
Condition 3: 0.15 f<ds<0.26 f

Condition 4: 0.21 f<|r]<0.38 f, 0.01 f<d;<0.06 f

Condition 5: 1 <I:_:o|<8

where the radii of curvature of the lens surfaces are de-
noted by 1, r3 - . . Py, the axial distances between ad-
jacent surfaces by dy, dy . . . dy, and the refractive
indices on the d-line of the spectrum by ny, ng . . . ng,
in the order respectively from the object side.

2. A high aperture telephotographic objective of the
Gauss type comprising four air spaced components of
a total length substantially equal to the total focal length
f of the objective, of which the object side and first com-
ponent is a meniscus-shaped convex lens with its convex
surface towards the object side of the objective, the suc-
ceeding and second component is of concave meniscus
shape and consists of a second meniscus-shaped convex
lens, a biconvex lens and a biconcave lens of which three
lenses each two adjacent surfaces have equal radii of
curvature and are spaced at negligible air gap distances
from each other, the convex surface of the second com-
ponent facing the object side, (a_diaphragm beyond the
second component, a meniscus concave lens constitutes
the third companent jbeyond the diaphragm of which

component the convex surface faces the image side
of the objective, and the fourth component is a second
biconvex lens, the objective complying with the following
requirements:

0.18 f<(ds+det-ds) <0.36 f

0.02< (ng—n3) <0.15 and 0.05<(ny—n3) <0.20
0.15 f<de<0.26 f

0.21 f<|rq]<0.38 f and 0.01 f<dz<0.06 f

1<l<s

T'10
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where the radii of curvature of the lens surfaces are de-
noted by 7y, r2, . . . ryg, the axial distances between ad-
jacent surfaces by dy, dg, . . . dg, and the refractive
indices on the d-line of the spectrum by ny, na, . . . ne,
in the order of increasing magnitude from the object
side.

3. A high aperture telephotographic objective of the
Gauss type comprising four air spaced components, the
objective having a total length equal to 1.02 f where f is
the total focal length of the objective, the components in
succession from the object to the image side being a me-
niscus-shaped convex lens with its convex surface towards
the object side of the objective, the second component is
of concave meniscus shape and consists of a second men-
iscus-shaped convex lens, a biconvex lens and a bicon-
cave lens of which three lenses the adjacent surfaces of
adjacent lenses have the same radius of curvature and
are pressed together, the convex surface of the second
component facing the object side, the third component is
a meniscus-shaped concave single lens with its convex
surface facing the image side of the objective, and the
fourth component is a second biconvex single lens, a

. diaphragm being interposed between the second and
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third components, of which objective the numerical data
is substantially as follows:

[f=100 F=22 20=24°.]
Component Radius Distance | Refractive Abbe
Index Number
r1 =65.0
) R, dy=6.5 n1=1,6204 7y=60.3
r3 =330.0
d1=0.2
ry =37.0
d3=5.5 ng=1.6204 13=60.3
ry =85.0
) 3 R, dy=15.0 n3=1,5687 73=63.1
rs =--180.0
ds=1.5 n4=1.6889 oym31.1
re =22,97
ds >19.0
r7 ==—30,0
) § § SR, d1=2.0 ns=1.6477 v3=33.9
rg =--38.0
ds=0.3
r9 =150.0
IV, s dy=3.2 ns=1.6727 rs=32.2
ro=-—77.1

where rgypeerips i the radius of the lens surface, dsunecript
the axial distance from a lens surface to the succeeding
lens surface, Nyupseript the refractive index of the glass of
the lens, and Veypscrips the Abbe number of the glass, each
series of subscripts increasing in the order of the position
thereof in the direction from the object to the image side
of the objective.
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